Fig. 4,6b   Fibroblasts in a healing wound, showing
* the characteristic shape and early formation of col-
lagen fibrils, x 350.

cular connective tissue and begin to proliferate
and to move into the wound- Within a few days
fibroblasts thus come to lie in the wound: they
produce both type I and type III collagen (see
(below), synthesis being greatest at about 7
days. The collagen fibres come to lie across the
incision line and help to unite the cut edges
from about the end of the first week after
injury. Proteoglycan ground substance, also
secreted by the fibroblast, may play an impor-
tant role in determining fibre size and direction
and also later in enhancing crosslinks between
collagen molecules (see below). By the third
week the total amount of collagen in the
wound has almost reached a maximum. In
contrast, at this stage the tensile strength of the
wound is still low, but it increases over many
months by further intermolecular bonding be-
tween collagen fibrils and by remodelling of the
anatomical configuration of the collagen in re-
sponse to mechanical stress. Such remodelling
involves collagen turnover, i.e. synthesis and
lysis which occurs also in normal (unwounded)
tissues (see below).
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While healing of a wound by fibrous tissue
is clearly beneficial, in some tissues it may also
have harmful results, for example narrowing of
the oesophagus, stenosis of the mitral valve, or
stricture of the urethra. Attempts to modify the
fibrotic process by inhibiting collagen forma-
tion, promoting its destruction or altering its
metabolism by drugs so far have not been very
effective.

Collagen synthesis. Collagen is synthesised and
secreted by fibroblasts in soluble form, and depos-
ited extracellularly. As with secretory proteins in
general, the polypeptide chains of collagen (pro-a-
chains) are formed on the ribosomes with N and C
terminal extension peptides. A distinctive feature of
collagen synthesis is the conversion of proline and
lysine residues on the growing polypeptide chains to
hydroxyproline and hydroxylysine residues. This
enzymic hydroxylation requires Fe++, O2, ascorbic
acid and a-ketoglutarate. Glycosylation of some of
the hydroxylysine residues then occurs. In the cis-
ternae of the endoplasmic reticulum pro-a-chains are
converted to pro-collagen by the formation of di-
sulphide bonds and they begin to assume a tri-helical
structure. The pro-collagen molecules, of which
there are several types, are stabilised by hydroxy-
proline and are secreted via the Golgi apparatus.
Outside the cell the N and C extension peptides,
which do not assume the helical form, are removed
in some types of collagen by pro-collagen peptidase.
This drastically alters the properties of the molecule
which precipitates as tropocollagen. The tropocol-
lagen molecules, which are rigid rods of 290 x 1 -4 nm,
align side by side, probably in fives, staggered at a
quarter of their length to produce a fibril with a 64
nm periodicity on electron microscopy (Fig. 4.7).
The acquisition of tensile strength of the fibrils is

Fig. 4.7 Collagen fibres are seen here in longitudi-
nal section. The characteristic, regular cross banding
is evident, x 65 000.